The AFM (atomic force microscope) has become a popular and useful instrument for measuring intermolecular forces with atomic resolution, that can be applied in electronics, biological analysis, and studying materials, semiconductors etc. This paper conducts a systematic investigation into the bifurcation and chaotic behavior of the probe tip of an AFM using the differential transformation (DT) method. The validity of the analytical method is confirmed by comparing the DT solutions for the displacement and velocity of the probe tip at various values of the vibrational amplitude with those obtained using the Runge-Kutta (RK) method. The behavior of the probe tip is then characterized utilizing bifurcation diagrams, phase portraits, power spectra, Poincaré maps, and maximum Lyapunov exponent plots. The results indicate that the probe tip behavior is significantly dependent on the magnitude of the vibrational amplitude. Specifically, the tip motion changes first from subharmonic to chaotic motion, then from chaotic to multi-periodic motion, and finally from multi-periodic motion to subharmonic motion with windows of chaotic behavior as the non-dimensional vibrational amplitude is increased from 1.0 to 5.0.
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Introduction
Recently, many significant researches have been carried out to design, analyze, and implement microsystems and nanosystems. The AFM enables the measurement of intermolecular forces at the atomic scale and is used extensively for imaging and measuring applications in the nanoelectronics, biological analysis, materials science, and semiconductors fields. Compared to the STM (scanning tunnel microscope), which is applicable only for conducting or semiconducting surfaces, the AFM can image virtually any type of surface, including glass, biological samples, polymers, ceramics, and so forth [1] .
Analyzing the dynamic behavior of the AFM probe tip as it scans the surface of interest is a fundamental concern since any irregular motion during the scanning process inevitably degrades the precision of the measurement results. Consequently, the dynamic properties of the AFM tip-sample interaction have attracted extensive attention in the literature in recent years. Burnham et al. [2] showed experimentally that an AFM microcantilever performed chaotic motion under certain physical conditions. Ashhab et al. [3, 4] analyzed the chaotic dynamics of the AFM cantilever-sample system using the Melnikov method and a single-frequency mode approximation. Sebastian et al. [5] predicted the dynamic behavior of an AFM cantilever in a tapping mode operation using a harmonic balancing and averaging technique. Lee et al. [6] analyzed the effects of van der Waals and Derjaguin-Muller-Toporov forces on the tip-sample interactions in dynamic force microscopy (DFM). Ruetzel et al. [7] applied the Galerkin method to investigate the nonlinear dynamics of an AFM probe tip under the assumption that the tip-surface interactions were governed by Lennard-Jones potentials.
